Introduction
Neuroblastoma (NB) is the second most common pediatric malignant tumor and the most common solid tumor of childhood consisting of neural crest-derived tumors with cellular heterogeneity and different clinical behaviors (Tong et al., 2008; Owens and Irwin, 2012; Elmira Gheytanchi 1 , Mitra Mehrazma 1,2 *, Zahra Madjd 1,2 et al., 2012) . Over the past decades, different approaches such as second line chemotherapy, immunotherapy and targeted therapies have been introduced to improve the treatment and survival of patients with high-risk NB (Modak and Cheung, 2010) . Increased tumor angiogenesis occurs in high-risk NB tumors which is supported by vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF), transforming growth factor alpha (TGF-alpha) and platelet-derived growth factor A (PDGF-A) (Modak and Cheung, 2010) . Previous studies have shown that VEGFR-1 and VEGFR-2 are overexpressed in different malignant tumors (Ferrara et al., 2003; Maae et al., 2011) . VEGF is also overexpressed within the tumor and its expression is associated with tumor growth, advanced stage, metastasis and poor prognosis (Nikiteas et al., 2007) . VEGF-A belongs to the PDGF gene family called as angiogenic growth factor which interacts with two related receptor tyrosine kinases (RTKs) including VEGFR-1 (flt-1) and VEGFR-2 (flk-1 or KDR) (Ferrara et al., 2003; Maae et al., 2011) . Other VEGF ligands include placental growth factor (PLGF), VEGF-B, VEGF-C and VEGF-D (Ferrara et al., 2003) . VEGF also interacts with the neuropilins (a family of coreceptors), but does not interact with VEGFR-3 (fms-like-tyrosine kinase, flt-4) (Ferrara et al., 2003) . Therefore, VEGF could be applied as a prognostic marker in human malignancies and its inhibition might be helpful in the prevention of angiogenesis, tumor growth and tumor induced neoangiogenesis (Ferrara, 2002; Nikiteas et al., 2007) . Some previous studies applied anti-angiogenic therapies via VEGF inhibition to cure different carcinomas such as adult glioblastoma, renal, colorectal and non-small cell lung carcinomas (p value <0.001). NB also referred to as a p53 wild-type with highly vascular, aggressive tumors frequently relapses after successful chemotherapy and is usually resistant to anti-angiogenesis therapies (Tweddle et al., 2003; Patterson et al., 2011) . Previous studies demonstrated that p53 inactivation occurs in a large number of cell lines and tumors including lymphomas, leukemias, lung (Miller et al., 1992) , breast, gastrointestinal, thyroid and brain carcinomas (Hollstein et al., 1991; Imamura et al., 1993) . p53 is a nuclear phosphoprotein and a tumor suppressor gene (Levine et al., 1991; Imamura et al., 1993) , and it is usually mutated in NB via the amplification of N-myc gene (Hollstein et al., 1991) . There is strong evidence from previous studies that the p53 protein is overexpressed in human neuroblastoma-derived cell lines and tumors as well as other human cell lines and primary adult cancers (Davidoff et al., 1992; Imamura et al., 1993) which is associated with undifferentiated phenotype (Sidell and Koeffler, 1988; Davidoff et al., 1992) . In contrast, some other studies did not show p53 mutations in NB samples with N-myc amplification (Hollstein et al., 1991) . Therefore, the evaluation of expression patterns of p53 in NB tumors could be crucial due to this difference. Moreover, it has been suggested that the proliferation markers such as Ki-67 index and mitosis can be applied in breast cancer in addition to other factors such as stage and grade (Goldhirsch et al., 2009; Jonat and Arnold, 2011) . Ki-67 is a non histone and nuclear protein involved in cell proliferation which is not expressed in quiescent (G0) cells (Scholzen and Gerdes, 2000) . Some studies have proposed that Ki-67 is associated with shorter survival in patients with malignancies including lung and breast cancer (Remvikos et al., 1989; Martin et al., 2004) . Given that approximately half of the patients with high-risk NB experience a relapse after primary treatment and have poor prognosis (Mueller et al., 2013) , it seems necessary to identify valuable diagnostic markers for the prognosis of NB and new targeted therapies. This study was conducted to evaluate the expression of the three molecular markers of Ki-67, p53 and VEGF in the tissues obtained from NB patients with different histologic types and staging and also to assess the association between the expressions of each marker with clinicopathologic characteristics. Mejia et al., 2002) . Neuroblastic tumors (NTs) were classified into 4 major groups based on the INPC classification: 1) NB (Schwannian stroma-poor NT) with three grades (Undifferentiated, Poorly differentiated and Differentiating); 2) GNB (Ganglioneuroblastoma) nodular (composite Schwannian stroma-rich/stroma-dominant and stroma-poor); 3) GNB intermixed (Schwannian stromarich); 4) GN (Ganglioneuroma) (Schwannian stromadominant) with maturing and mature subtypes (Shimada et al., 1999) . This study was approved by Iran University of Medical Sciences Research Ethics Committee.
Materials and Methods

Patients and tumor samples
Construction of the tissue microarray blocks
The paraffin-embedded biopsy specimens were applied to construct tissue microarray blocks as described previously (Mehrazma et al., 2013; Mohsenzadegan et al., 2013; Taeb et al., 2014) . Briefly, the regions of interest in paraffin-embedded tissues were identified and marked out using 3-µm H&E slides to obtain the cores. Four representative tumor regions were selected from each corresponding paraffin-embedded block. Tissue cores with a diameter of 0.6 mm were removed from the selected areas of the "donor" block and were then accurately inserted in the recipient paraffin block using Tissue Arrayer Minicore (ALPHELYS, Plaisir, France). The TMA blocks were constructed in duplicates, each copy containing two samples from a different region of each tumor; the mean scoring of the cores was then calculated as the final score (Mehrazma et al., 2013) . Microtome was used to cut the sections from the blocks. The sections were mounted on a microscope slides and then analyzed.
Immunohistochemistry (IHC)
Ki-67, VEGF and p53: IHC method was performed on TMA sections which were prepared from paraffinembedded tissues using a protocol as previously described (Madjd et al., 2011) . Briefly, Four-µm sections were cut using a microtome and mounted onto Superfrost plus slides (Thermo Scientific, Germany). The slides were deparafinized in xylene and rehydrated by immersion in decreasing grades of ethanol. To enhance antigen exposure, the slides were retrieved at TRIS/EDTA, pH: 9.0, (Dako, Denmark) for 20 minutes. After antigenretrieval and cooling to room temperature, the slides were washed twice with distilled water. Then, endogenous peroxidase activity was blocked with 3% hydrogen Asian Pacific Journal of Cancer Prevention, Vol 15, 2014 3067 DOI:http://dx.doi.org/10.7314/APJCP.2014.15.7.3065 Expression of p53 and VEGF in Pediatric Neuroblastoma peroxide for 10 minutes. After blocking, the slides were incubated with a primary mouse monoclonal anti-human anti-body (Ki-67, clone MIB 1, DAKO, Denmark) at a dilution of 1:200 with a factory thinner (S2022 Antibody diluent, DAKO, Denmark) for 30 minutes. The slides were subsequently incubated with 10% normal rabbit serum (Dako, Denmark) in PBS for 15 minutes, and the secondary antibody EnVision HRP anti-mouse K 4001 (Dako, Denmark) for 60 minutes at room temperature and were washed again in PBS.
Biotin Streptavidin amplified immunohistochemical technique was used for the staining of the sections prepared on polylysine gap impregnated slides against p53 (Clone DO7, Dako ® , Denmark) and VEGF (Clone VG1, Dako ® , Denmark) (Bukhari et al., 2008) . The slides were retrieved by microwave treatment with 10mM citrate buffer and were incubated with 10% normal goat serum in phosphate-buffered saline (PBS) to eliminate nonspecific staining. Monoclonal antibodies were used against p53 (dilution 1:200) and VEGF (dilution 1:25). The antigen-bound primary antibodies were detected using a standard secondary antibody detection kit (LSAB+kit, Dako, Denmark).
The antigens bound to each antibody were visualized by a 10-minute incubation with the addition of 3, 3'-diaminobenzidine (DAB, Dako, Denmark). After immunostaining, the sections were counterstained with haematoxylin (Dako), dehydrated in growing concentrations of alcohol, cleared in xylene (Dako) and mounted with Canada balsam for visualization. The slides were evaluated using an Olympus BX41 light microscope. The cells with brown nuclear staining were considered positive.
Scoring system
Ki-67 expression was defined as a percentage of positive cells, by counting at least 1000 tumor cells in 10 randomly selected fields. A cutoff proliferation index of <5% was considered as negative. For VEGF, the cytoplasmic staining intensity of the tumor cells was scored according to the following scale (Maae et al., 2011) : 0 (no staining), 1 (weak staining), 2 (moderate staining) and 3 (strong staining). The percentage of positive cells for VEGF antibody was graded as: 1 (<10% of tumor with SI (Strong Intensity), 2 (10%≤SI<1/3 of tumor), 3 (1/3≤SI<2/3 of tumor), 4 (SI≥2/3 of tumor). Strong intensity was defined as the strongest intensity relative to weaker staining intensity within each tumor slide. The overall score was obtained by multiplying the intensity score of staining by quantitative information in four mentioned categories of the percentage (Maae et al., 2011) . For p53 grading, the stained nuclear cells were considered to be positive and non-stained nuclear considered as negative.
Evaluation of immunostaining
The immunostained tissue arrays were evaluated using a semi-quantitative scoring system after a series of TMAs was observed on a multi-headed microscope by two observers (MM and ZM) in a coded manner without a previous knowledge of clinical and pathological parameters of the patients. In difficult cases, the scoring was confirmed by the both observers and an agreement was reached.
Statistical analysis
Data were analyzed using the SPSS statistical software package version 20 (SPSS Inc, Chicago IL, USA). Pearson's χ 2 and Pearson's R tests were used to analyze the significance of the correlation between Ki-67, VEGF, p53 expression and clinicopathological parameters. A p value of <0.05 was considered as statistically significant for each antibody.
Results
Study population
In our series, 18 patients were diagnosed with NB, one patient with ganglioneuroblastoma (GNB) and one with ganglioneuroma. The age of the patients ranged from 1 month to 11 years, with an average age of 34 months. There were 14 male (70%) and 6 female (30%) patients, and male to female ratio was 2.3:1. According to the INSS, 2 patients (10%) showed stage 1, 5 patients (25%) stage 2, 5 patients (25%) stage 3, 5 patients (25%) stage 4 and 3 patients (15%) showed stage 4S. The surgical resection specimens were composed of 1 skin, 2 mediastinal, 3 lymph node and 14 adernal mass. Eighteen patients were classified as unfavorable histology (UFH) and 2 as favorable histology (FH).
Ki-67 expression and its correlation with clinicopathological parameters in NB tissues
In the 20 tumor tissues stained with Ki-67, 13 (65%) showed brown nuclear positive staining and 7 (35%) showed no staining in the nuclear area of the tumor cells (Table 1, Figure 1 ). The pattern of expression was considered as negative when there were <5% positive cells and as positive when there were ≥5% positive cells. Ki-67 was expressed mainly in unfavorable NB and a significant correlation was observed with patients' age (p value=0.015), prognosis (UFH/FH) (p value=0.042), 
18 5 (25) 13 (65) 6 (30) 14 (70) 16 (80) tumor diagnosis (Histologic type based on INPC) (p value=0.059) and stage of NB (p value=0.050) indicating that the higher expression of Ki-67 was more often found in the poor prognosis of NB tumors (Table 2) .
VEGF and its association with clinicopathologic parameters in NB tissues
Fourteen out of 20 cases expressed VEGF with brown granules in the cytoplasm of tumor cells ( Figure  2 ). In terms of VEGF intensity, 12 (60%) cases showed moderate, 2 (10%) weak intensity and 6 (30%) cases were negative. Most of the specimens had positive tumor cells. In terms of VEGF percentage, 3 (15%) of the samples had 1-50% positive tumor cells with moderate staining intensity, 11 (55%) had 1-50% positive tumor cells with weak staining intensity and 6 (30%) had no positive tumor cells with negative VEGF immunoreactivity ( Table 1 ). The overall score was obtained by assessing both the percentage and intensity of stained tumor cells (I×P=overall score) including 0-12, and the specimens were classified into 2 groups according to their overall score (cut off value of 2). Tumors were distinguished with high (2-12) and low (0-2) VEGF expression scores (Table  3 ). In terms of the overall score, the high expression of VEGF was found in 70% (14/20) of the cases, and 30% (6/20) of the tumors demonstrated low expression which was significantly correlated with age (p value=0.021), histologic types (based on INPC) (p value<0.001) and prognosis (p value=0.008) and negatively correlated with MKI (mitosis-karyorrhexis index) (p value=0.008).
p53 expression and its association with clinicopathologic parameters in NB tissues
The analysis of p53 protein revealed that 90% (18/20) of NBs showed negative staining, whereas 10% (2/20) of the cases showed positive staining in their nuclear area of the tumor cells (Figure 3 ). p53 expression was observed in only 2/20 (10%) of the tumors, showing a trend with MKI (p value=0.07) in NB. The clinicopathologic and demographic features of the patients, and tumor characteristics are summarized in Table 2 .
Discussion
Previous studies have shown that high-risk NB with advanced-stage is resistant to various therapeutic approaches resulting in poor survival rates (Ishola and Chung, 2007; Jakovljevic et al., 2009 , Cheung, 2012 . Therefore, finding new molecular markers in NB is essential to improve targeted therapy via appropriate approach and to increase the survival rates of children. Tumor angiogenesis is mediated by increased VEGF in NB patients with advanced-stage (Modak and Cheung, 2010) . VEGF as a prognostic marker is overexpressed in several cancers including breast, colorectal adenocarcinomas, gastrointestinal and gastric carcinomas and its expression is associated with advanced-stage and poor prognosis in patients (Chung et al., 1996; Yamamori et al., 2004; Jin et al., 2005; Meric, 2007; Sayed-Ahmed et al., 2013; Wang et al., 2013) . In the present study, we found that the expression of VEGF in NB tumors was significantly associated with prognosis (p value=0.008) and histologic types (p value<0.001) supporting the previous findings that have revealed VEGF is a prognostic marker and, therefore, may play an important role in tumor progression :http://dx.doi.org/10.7314/APJCP.2014.15.7.3065 Expression of Ki-67, p53 and VEGF in Pediatric Neuroblastoma and prognosis. The relation between VEGF expression and worse prognosis has also been demonstrated in some previous studies. Ferrara et al. (2002) showed that the overexpression of VEGF in vitro and in vivo is related to tumor progression and metastasis (Ferrara, 2002) . Wang et al. (2013) reported that the level of expression of VEGF-A and VEGF-C increases in gastric cancer and is correlated with poor prognosis . A study on novel biomarkers including VEGF conducted by Osman et al. (2013) showed that the expression of VEGF-B was correlated with bone marrow metastasis in neuroblastoma (Osman et al., 2013) . Thus, antibodybased targeted therapy against VEGF could be an effective method to inhibit cancer progression and may become a novel strategy for the treatment of NB.
In our study, the expression of p53 protein was only observed in two NB specimens after immunochemical staining, and there was no correlation between the expression of p53 and other histopathologic parameters indicating that this protein is not an attractive marker for targeted therapy and prognosis in human NB. Previous studies also demonstrated that the p53 protein does not play a significant role in tumor progression in NB neurogenic cells (Mejia et al., 1999) . It has been reported that the p53 gene mutations are few or rare in primary NB (unlike other cancers), especially at the time of disease diagnosis. Our finding regarding the low expression of p53 in NB is inconsistent with the findings of previous studies (Hollstein et al., 1991; Modak and Cheung, 2010) .
Several studies have been conducted to evaluate Ki-67 as a predictive and prognostic marker in breast cancer, while few reports are available on the expression of Ki-67 in neuroblastoma. Our study showed the expression of Ki67 in 65% of the cases. In contrast to other studies that revealed a significant correlation between Ki-67 and MKI (del Carmen Mejia et al., 2002; Mejia et al., 2003) , our results did not show any statistically significant association between Ki67 and MKI. In agreement with the previous studies, we found a significant relationship between ki-67 expression and other clinicopathologic variables. Mejia et al. suggested that Ki-67 is involved in the cellular proliferation of NB and can be used as a prognostic marker when associated with other clinicopathological factors (Mejia et al., 2003) . Although little evidence exists on Ki-67 expression in NB, its prognostic value in NB patients has already been proven. Our results support that Ki-67 are closely relevant to poor prognosis in patients with high stage of disease; therefore, it can be served as a valuable marker of prognosis in NB. Due to the limited number of patients in the current study, it would be cost effective to investigate the expression of these prognostic markers and confirm these findings using TMA technique in a larger cohort of NBs.
In conclusion, our study was the first to evaluate these prognostic markers on TMA of NB and revealed that the level of expression of VEGF and Ki-67 correlated with the development and progression of NB. Therefore, these markers could be considered as prognostic markers particularly in patients with unfavorable histology and advanced stage of NB. In contrast to some previous studies, we found no correlation between Ki-67 and MKI.
